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L VISUAL EVOKED RESPONSES TO SINUSOIDAL GRATINGS
PRESENTED IN CENTRAL AND RIGHT VISUAL FIELDS

John S. George, Cheryl J. Aine and Edward R. Flynn

Neummagnetism Laboratory, MS M-882, Life Sciences and Physics Divisions
Los Alamm National Laboratory, Los Alamos, New Mexico, 87545, U.S.A.

ROII lCTlw
The present study applies neuromagnelic measurement Techniques to probe the

neuropbysiological processing of spatial frequency (SF) by normal human observers. By
exploiting the lemporal and spalial resohdion of neuromagnelic measurements, we hope to

discriminate and characterize underlying neural funclions and explore their correlation wiln

perceptual or bet,avioral performance measures. Spatial frequency analysis has proven a useful
paradigm for lhe study of visual perception and has been applied in psychophysical studies as well
as invasive anatomical and physiological sludies of experimental animals (1). These approaches
have produced evidence of specialized neural activity and network structure for the analysis of
spatial frequency Information. Because the encoding of spatial frequenq is a function of neuronal
receptive-field size and since receptive-field size varies as a function of retinal location, we have
also examined dfects of visual field on responses to stimuli of defined spalial frequency conlent.

Resu!ls obtained In single-unit studies of feline retinal gangiion cells suggests thal the visual
syslem contains two or more classes of neurons which differ In lhelr receptive field (RF) and
signal transmission characteristics (2,3), “Y” type neurons have larger RFs and respond best 10
lower spatial frequencies (-1 cycle per degree) while ‘X” cells have smaller RFs and respond best
M Frequencies > Icpd. ‘Y” cells are iypically larger and have faster conduction velocities lhan
“X”4ype cells. Within lhe relina, receptive-field size tends 10 Increase from foveal 10 peripheral
retinal areas, and there Is a corresporrding shift in the ratio of “X” to “Y” cells. The central relma
has a higher proportion of ‘X” cells while the peripheral retina has more “Y” cet!s. In primales,
malogous differences are observed belween “magnoc!ellular” ●nd “parvocellular” cortical neurons,

Human psychophysical studies support the concept of spatial frequency selective channels
within Iho human visual sysf~m (4). Observer’s detection thresholds are lower for 5.10 cpd
frequency gralings presented 10 t% oantral retina and for spalial frequencies around 1 cpd in the
peripheral retina. Ccmlrasl sensitivity 10 high and low spatial frequency gratings IS differentially
affected by light adaptation, so lhat al lower ll~hl levels, peak contrast sensltivlly shifts 10 Iowcr

spatial flequfmcles. The lime-course of acfaptalion effects produced by presentation of a grating
varies as a fu~lcllon of spa!lal frequency of the grating, aaaln suggesting differences in the
funclicmal characlerwlics of the neural pathways mgdiatkrg the responses,

Spatial frequtmcy Sebclive channels Mve beon Cfemonstraled In cat and primales by ima~ing
Ihe distribution of uptake of 14C 2-d@o~yglucose under conditions of controlled visual stimulation,
When spatial frequency wns kepl constant and olher stimulus paramct!ers varied, columnar
structure, apparent In cross section as bands or blob patterns, cmrld be visualized In striate tissue
●nd in area V2 (5,6). This structrms reflects neural organlzalicmal principles also associated wt!h
ocular dominance, orientation seloctlve ●nd olher feature specific information channels (7),

Based on psychophysical and neurophyslological data, we expect an interaction between spatlnl
freque~cy and field of stimulus presemalion. Specilic hypolhoses include: 1) Responses to a 5 cprl
graiin~ presented in Ihe cenlral rellna shoutd b of greater magnitude than responses to a I cpd
grating in Ihe central visual field- 2) Respcwnms to a 1 cpd grating presonterj in tf,e perip’l(!ral

retina should be of greater magr!itude than responses 10 a 5 cpd grating presented in [he SOIH(I

Iocalion; and 3) Responses to LO SF gratings andor stimuli presentad in peripheral visu~t II( lcis
should have shorter Iatencles than HI SF or contrnl stimuli.
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Two right-handed males and two right-handed females participated in the study Slnuso,dal

gratings (I and 5 cpd, LO and HI SF), each subtending 2 degrees (h) x 1.5 degrees(v) of visual
angle were presented randomly 10 the central visual field (CVF) or to a location centered around 7
degrees in the right visual field (RVF). Rastered images rendered in 16 grey levels were genera!ed
by microcomputer and displayed on a rear-projection screen wllh a video projeclor. Subjects
viewed the screen via a system of mirrors which allowed experimental access 10 the occipital
region of the head. Stimulus duration was 100 msec and prestimulus data collecflon interval was
110 msec, Subjects were instructed 10 fixate on a small dol in the central visual field, and to count
and classlf>’ each stimulus type in an effort 10 maintain a constant level of attention across ;,.als.

Experiments were conducted in an aluminum and mumelal ma~netically shielded chamber
developed al Los Alamos in collaboration with Vacuumschmeltze, Hanau, West Germany.
Neuromagnetic responses were monitored with a 7-channel SQUi D-coupled gradiomeler system
(BTi, San Diego). Sensors were located on a 2 cm equilateral triangular grid (i.e., the center and
vertices of a regular hexagon). Measurements were made at 6 contiguous array locations which

nominally constituted an equilateral grid of 32 separate sensor locations.
At least two blocks of trials, cot’sisling of an average of 25 responses 10 each of 4 stimulus

conditions, were collected at each sensor location. Data channels were low-pass flllered at 50 Hz
and sllbsequenlly digitized at a 1 kHz sampling rate. Visual evoked response data was Iyplca:ly
processed with a digital FFT-based 30 Hz low-pass filter 10 remove residual 60 Hz signol arlslng
from the vertical drive of the phase locked video signal Statistical tests (MANOVAs and ANOVAs)
were performed on measures of amphtude obtained at 13 time points, selected as best represenltng
response features in the waveforms.

EEsKLIs
As expec!ed from the retinofopic mappinf) of the primary visual cortex, we observed major

differences in magnetic field distribution as a function of ths visual field of stimulation Figure I
shows isofleld contour maps at the peak of an ‘nitial magnetic response component peaking between
90 and 115 msec post-stimulus. For lhe LC) CVF stimulus, the field polarity reverses across
midline, consistent with & shallow source near the occipital pole. Secondary peaks are also apparent
in the distribution; stimuli were not confined lG a single quadrant of the visual field and WOIJid

therefore be expected to activate multiple cortical representations. The facl lhat CVF stlmull
produce a predominant dipole-like field distribution suggests that a significant degree of signal
cancellation may be occurring. A ceniral stimulus would be expect~d to activate an exlended
representation along opposing surfaces of the calcarine and longitudinal fissures, and mlghl
therefore produce an even more complex field pattern. In this subjcrct, RVF simulation produced a
single clear field exlremum, although in this record there is a suggestion of aI inversion near the
periphery of the recording region, similar to that observed by Kaufman and Williamson (8 ) This
distribution would be consistent with a source located several cm off midline, perhaps near ll?e em.+
of the calcarine fissue as suggested by the cruciform model (9,1 O ), [n Iwo other subjects, a
vertically aligned biphasic pattern in re%ponse to RVF stimulation was observed, while in !he
fourth subject the distribution of peripheral response components was nuf clear dur? to low
amplitude and complex structure of the response.
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Upon initial inspection, field maps for 1 or 5 cpd stimuli al a particular Iocafion in the visual

field appeared stmilar, with comparable features in the same general location. Upcrl closer
inspection we noticed that a difference in spatial frequency sometimes produced a shift in apparent
source Iocalion of early response components. This shift was mcsl spparenl for central field

stimulation, and in most subjects appeared as a small shift in the location of response field extrema
or an apparent crossover point. Figure 2 is a montage of response waveforms obtained in one
subject at a series of adjacent sensor locations. Waveforms within any particular box were
obtained simultaneously during randomly interleaved trials. Note that there is a clea: separa~ton
of the location of Ihe inversion of an early response component for high and low sp~lial frequency
stimuli, In at least two other subjects, ratios of the amplitudes of response components b;?lween

approximately 100 and 300 msec poststimulus varied significantly as a function of spatial
frequency, suggesting that discrete secondary processing pathways may have been activated
However, high and low spatial frequency stimuli in RVF typically produced similar patterns which
could be reasonably matched by scaling and offset adjustments.

In order 10 test our hypotheses concerni(~g the interaction belweerl spatial frequency and field of
stimulation, response amplitude measures at selected time points were compared. In each subject
we were able to identify a pair of sensor locations which included maximal and near
maxin~alresponses for both high and low spatial frequencies ior a particular field ~f stimulalton.
Measured amplitudes for lhese Iocalions were &veraged (although similar fesults were obtained
when only the exlrema locations were compared), Abstracted waveforms derived in this manner
are illustrated in figure 3. Statistical analyses indicaled that maximal responses to 5 cpd gratings
were of significantly greater amplitude in all subjects when preson!ed to the central vislal flelrf,
while the LO SF grating (lcpd) elicited a far~er tesponse with peripheral stimulation, TIIe ratio
betwe~n amplitudes of corresponding components of responses 10 HI and LO SF varied as a furlcllon
of Seilscr location for CVF slilnuli, For RVF stimulation, LO SF elicited Iargw responses for aImost
all components and sensor locations.

Wo observed major differences in apparent source location as a funclion of VISLJ:l I flrtd o!

simulation, as expected given the known retinotopic organization of [he cortex and th~ spa IIJl

resolution of the neuromagnetic measurement technique, We were not able to Iocallze the neur II

source for peripheral stimulation In all subjects due to physical constraints of our current

experimental selup. Most field maps suggested activation of multiple neural sourcos: stlrnull W(UIII
designed for comparison with psychophysical and electrical evoked response paradigms, and wrtf
nol oplinized to produce focal neural activily. We wer~ concerned about Ihr~ possltjlltt~ Of (IL(”

movement or fixation errors contributing to observed differences in signals, hovvovcr corltr(~l
experiments Indicate that this Is not a problem in this oxporlmental sorlcs
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We observed a small bul consistent shifl in apparent source location rs a function of spalia!
frequency. Even givenIhe modular micro-organization of primary visual COrteX (hype rcolumns

incorporating a number of specialized feature channels forming a retinotopic mosaic) we were
surprised 10 deiect differences. This observation suggests significant net asymmetry in the

distribution of spatial frequency selecllve channels within an active cortical region. Such

asymmetry might be enhanced by the geometry of the tigh!ly c~rved cortical surfa;e: small source
shifts in the plane of the cortex could produce significant changes in orientation, producing a
different mixture of radial and tangential components. Shifts in the location of longer latency peaks
suggests thiat spatial frequency information can selectively acfivate second.dry cortical sources. The
observation that processing differences as a function of spatial frequency were most apparent In
CVF may be significant. In the autoradiographic studies in cat (10), high spatial frequency
channels were only observed in the ccrtical projections of the central 5 degrees of visual fi~ld.

Th .J observed interaction betvveer the effects of spatial frequency and field of stimulation on
response amplitudes supports our hypothesis based on the distribution of cell types and receptl~e.
field sizes in retinal neurons Apparent neural source locations &lso appear consistent with the
known physiology and anatomy of the visual system. The observed shift in apparent source Iocatlon
as a function of spatial frequency was unexpected but may reflect the orderly columnar struc!ure
of spatial frequency channels demonstrated in visual cortical areas of experimental animais.
However, in this experiment we did not consistently observe the predicted differences irl esponse
latency associated with spatial frequency or field of stimulation, This issue is addressed f~lrther in

a subsequent sludy (Ame && ibis volume).
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